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“The only way to discover the limits of the possible is to 
go beyond them into the impossible.” Sir Arthur C. 
Clarke 


Introduction 


Let me be clear at the beginning — when I say crewed spacecraft. I 
mean spacecraft with humans aboard. Young, or old, male or 
female, space travel is an equal opportunity hazardous endeavor. 
As of this writing, three spacefaring nations have put 559 humans 
into space, the Soviet Union/Russia, the United States, and China. 
Numerous astronauts from many other nations have hitched a ride. 
We are going to discuss historical, ongoing, and future efforts of 
getting people to space. We will mention in passing Space Stations 
in orbit, but that is a big topic, and will be covered in a companion 
volume. Space suits will be covered in a companion volume as 
well. 


A note on Units 


I am fairly conversant in both English and Metric units (what is the 
metric equivalent of furlongs per fortnight?). Metric (SI) is 
mandated for NASA usage now, for interchangeability with our 
partner space faring nations. When a lot of the legacy flights 
discussed here were flown, English units were the norm. I have 
tried to keep the units comparable to the mission at the time. 
Conversions are easy enough, but units conversion is a source of 
error. It's not what you know about units and measurement, its how 
you think. And, I still think English units (even the English use 
Metric now), and convert in my head or on my phone. 


For scientific/engineering work, the Metric system is well thought 
out. For artisans, the English system served well, as most units 
were divided by 2. Which is easy. Fold the cloth. Hopefully, when 
we are all taught Metric first, some one will still remember the 
conversions. You just need a slide rule.... 


Author 
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Propulsion Laboratory for MARS-Jupiter-Saturn (MJS-77), which 
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Mr. Stakem is affiliated with the Whiting School of Engineering of 
the Johns Hopkins University. Mr. Stakem supported the Summer 
Engineering Bootcamp Projects at Goddard Space Fight Center for 


2 years. He developed and presented Cubesat courses, and books. 
He is supporting STEM in the areas of Cubesats and Robotics. 


What is space travel, and where does 
space start? 


The Fédération Aéronautique Internationale defines space as 
beginning at 100 km altitude. Two of the 199 X-15 flights 
managed to reach that altitude, so the pilots were officially 
astronauts. So far, 3 nations have launched some of their citizens 
into space, with the former Soviet Union being the first. The 
United States followed along, and, more recently, China has sent 
some of their Citizens to orbit. There have been spacefarers from 
over 40 countries, taken along on shared missions by the craft of 
the major spacefaring nations, China, Russia, and the U. S. The 
International Space Station is truly an International effort. 


Von Braun's and Ley's vision — the Mars 
Mission 


Wernher von Braun produced a detailed technical project plan for 
getting to Mars in 1952, but he had been thinking about it long 
before that. He and fellow rocket enthusiast Willy Ley worked on 
Mars Mission Concepts, a long time before the first person rode a 
rocket. 


Precursor missions 


Before launching humans into space, there were suborbital 
launches, and even earlier, a pilot officially reached space (100km 
altitude) in a rocket plane, the X-15. Capsule flights with dogs 
(Soviet Union) and chimpanzees (U. S.) preceded human attempts. 
Astro-chimp Ham was the first hominid launched into space, in 
1961. Ham had been born in Cameroon, Africa. He emigrated to 
the U.S. And was purchased by the U. S. Air Force from a rare 
animal farm in Florida. 


At Holloman Air Force Base, he received his training in 
completing simple, timed tasks. He was not a passenger, but 
proved that primates could function in space, after the harsh launch 
environment. His January, 1961 flight prepared the way for an 
advanced hominid, Alan Sheppard, to conduct a sub-orbital flight 
in May of 1961. Sheppard, however, did not receive banana pellets 
for a job well done. 


Ham wore a fully functional space suit, and that may have saved 
him during a partial loss of pressure in the capsule. His flight 
duration was just above 16 2 minutes, from take-off to splashdown 
in the Atlantic. Ham retired to the National Zoo in Washington, 
D.C. for 17 years after his groundbreaking flight. He then 
transferred to a chimp enclosure in North Carolina, where he died 
in 1983. His remains are buried at the International Space Hall of 
Fame in Alamogordo, NM. Godspeed, Ham! 


The Russians used dogs in their early flights. The requirements 
were that they could weigh no more than 15 pounds, be no more 
than 14 inches long, have a calm temperament, and be photogenic. 
Supposedly, these were strays from the streets of Moscow. Laika, 
in 1957, became the first creature from Earth to enter space. 
Unfortunately for her, it was a one-way journey. Two additional 
dogs following in her paw prints, made it back successfully. These 
were named Belka and Strelka. 


United States 


This sections discusses the crewed space missions by the United 
States. This will cover the various capsules and space planes. In 
depth coverage of Space Stations and Rocket Planes will be the 
subject of their own books in this series. 


Winged craft into space 


This section discusses winged rocket planes. Jet engines can't 
handle the altitude since they run out of air for combustion. The 
rocket carries its own oxidizer. There were all liquid fuel 


assemblies. A lot of rocket plane development was done in 
Germany before and during world War-II. This is explored in more 
detail in another of the author's book. 


X-15 


The X-15 was a crewed hypersonic aircraft, designed to fly to the 
edge of space, defined as 100 km . A Pilot who reached this 
altitude was officially an Astronaut. The X-15 was carried to 
altitude under the wing on a B-52 Mothership. After it was 
released, its rocket engine was ignited, pushing it up out of most 
of the atmosphere. There were no air breathing engines. It did a 
“dead-stick” landing. There were two flight to the 100 km altitude, 
both by Joseph A. Walker in 1963. The X-15 flights were USAF, 
U.S. Navy, and NASA sponsored. The first flight was in 1959, and 
flights continued for 9 years. 


The X-15 holds the official world's record to the highest speed 
recorded by a crewed powered aircraft 4,250 mph (Mach 6.7) at 
102,100 feet altitude. That was in 1967. It is officially the world's 
first space plane. It set the World record for the highest speed in a 
powered aircraft in 1967 at 4,250 miles per hour, and that record 
stands at this writing. 


The X-15 was developed from a concept of Dr. Walter Dornberger 
for NACA, predecessor of NASA, in 1954. He was one of the 
captured German Rocket Team members that formed the core of 
the U.S. Space effort. Dornberger served as the military officer in 
charge of the German rocket program, and he came to the U.S. 
with von Braun. 


The X-15 operated in two distinct domains, and had both 
aerodynamic control surfaces, and rocket thrusters. The plane 
included a pilot ejection seat, usable up to Mach 4, and 120,000 
feet. The main engines were dual Reaction Motors XLR11 units, 
using alcohol and liquid oxygen to achieve a total of 16,000 
pounds of thrust. Earlier, a single XLR11 pushed the Bell X-1 to be 
the first aircraft to exceed the speed of sound (Mach 1). The X-15 
was later fitted with the upgraded XLR99 for 57,000 pounds of 


thrust. Over 175 flights were made in that configuration. The fleet 
of three X-15's made a total of 199 test flights, the last in 1968. 
Twelve pilots flew the planes, including future astronaut Neil 
Armstrong, who would go on to become the first man on the moon. 


The pilot had controls both for the aerodynamic surfaces, and the 
reaction control thrusters. A later improvement had the Honeywell 
MH-96 Flight computer use the appropriate system, with pilot 
input. This was an early fly-by-wire system, which is now common 
in almost all aircraft. 


X-15's can be seen today at the National Air and Space Museum in 
Washington, D.C. and the National Museum of the United States 
Air Force, located at Wright-Patterson Air force Base in Dayton, 
Ohio. 


Dynasoar 


Dynasoar was a USAF Project for a winged spacecraft. It was 
developed by Boeing as the X-20. The project started in 1957, and 
was canceled in 1963, just at the beginning of construction. The 
trend in spacecraft went to space capsules that had heat shields, 
and returned on a ballistic trajectory to a ground or water landing. 
Dynasoar was designed to reach Earth orbit with a single pilot, 
using a Titan launch vehicle. It had an equipment bay behind the 
pilot, that could be used for payloads. A variant, the X-20X had a 
rear crew compartment that could hold 4. It was reusable, like the 
Shuttle would be. Both included a trans-stage at the rear for orbital 
maneuvering, that would be jettisoned before reentry. The plane 
could dip into the atmosphere and back to change its orbital 
inclination, without a large expenditure of fuel, which an orbiting 
spacecraft would need, 


The project went back to Dr. Dornberger, from the German World 
War-II rocketry efforts. He had detailed knowledge of Eugene 
Sanger's Silbervogel Spaceplane project. The Dynasoar was 
modeled on that. Quite a few studies were done by the major U. S. 
Aerospace companies. Dynasoar was to be a successor to the X-15 


research vehicle. The contract to build the vehicle was awarded to 
Boeing. Later in the program, seven astronauts were chosen from 
NASA and the Air Force to fly the Dynasoar, including Neil 
Armstrong. 


In retrospect, the program was canceled due to uncertainty over the 
booster to be used, and a lack of planning and clear goals. The 
program kept changing requirements, and thus no one agreed on 
what to build. The Dynasoar did influence the later Space Shuttle 
design and operations. 


STS-Shuttle 


The Space Transportation System (STS) was a crewed launch and 
recovery system for spacecraft, that used rocket propulsion to 
achieve orbit, and glided back to Earth to land on a run-way. A 
major advantage of the Shuttle system was, when it carried a 
spacecraft to orbit, it could check to see if it survived the harsh 
launch environment. If not, the Shuttle could bring it home. 
Perhaps its major achievement was to repair the Hubble Space 
Telescope in orbit over several missions. The Shuttles made 
several repair trips to the Hubble Space Telescope, to work around 
its optical problem, and change out some failed computers and 
such. The Shuttle was instrumental in assembling the International 
Space Station in orbit. 


At launch, the STS consisted of the winged Shuttle vehicle, a large 
liquid fuel and oxidizer external tank, and two solid rocket 
boosters. The solid rocket casings were retrieved from the ocean, 
and refurbished and reused. The external tanks were not recovered, 
and were targeted away from shipping lanes in the Pacific and 
Indian oceans. 


There was a mockup, a prototype, and five flight units. Two of the 
flight units were destroyed, one at launch, one at reentry, with loss 
of crew. The Shuttle could accommodate up to 8 crew. There were 
135 flights. The Shuttle returned to a runway landing at Kennedy 
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Space Center, or Edwards Air Force Base. 


The Shuttle Orbiter rode the side of a large fuel and oxidizer tank 
to orbit, assisted by fall-away solid boosters to get everything 
going. The boosters fell into the ocean after they finished their 
burn, and were recovered and reused. The Shuttle Orbiter had three 
engines, fed from the large external tank. When the engines had 
burned sufficiently to achieve orbit, the Orbiter separated from the 
tank, which fell into the ocean, but was not recovered. The Orbiter 
continued to its destination altitude. The engines went with it, but 
no longer had a source of fuel or oxidizer. He Orbiter could adjust 
its orbit somewhat with its OMS (orbital maneuvering system) 
engines, using fuel onboard. There were also (reaction control 
system) RCS engines to adjust attitude. Upon reentry, the Shuttle 
flew in a nose-up attitude, as the bottom of the craft and wings 
were covered in heat-resistant tiles. After sufficient atmosphere 
was reached, the aircraft control surfaces could be used, and the 
Orbiter was flown like a plane to a runway landing. Well, like a 
165,000 Ib glider. No air-breathing engines were included, 
although this option was discussed early in the program. 


Ideally, the Orbiter landed at the runway back at the Launch site, 
and could be easily towed to the maintenance facility. Another 
option was to use the Dryden flight facilities vast expanses of hard 
desert. In that case, the Shuttle was brought back to the Kennedy 
Space Center on the back of a specially modified 747 transport 
aircraft. 


There was a plan to launch Shuttles from Vandenberg Air Force 
Base in California, which would allow them to go to polar orbit. 
This was not implemented. There was also a two-stage rocket 
called the Interim Upper Stage or Inertial Upper Stage (TUS) which 
would deploy from the Shuttle bay with a payload going to a 
higher orbit. It could also be used with a Titan booster. One IUS 
mission put the Ulysses Mission to study the polar regions of the 
Sun. Quite a few were used to put the Tracking and Data Relay 
Satellites (TDRS) into higher orbit. 
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A versatile craft, the Shuttle could take satellites to orbit, check 
them out, release them if they worked fine or bring them back, if 
they didn't. 


NASA re-purposed the Apollo-era Vertical Assembly building 
(VAB) at the Cape to assemble the Shuttle stack. The solid 
boosters were bolted down on the crawler/transporter base, and the 
large external tank and Shuttle Orbiter were hoisted up and 
attached. The building is so large, it has its own weather inside. 
There are two launch pads, 39-A and 39-B, essentially identical. 


The launch sequence proceeded according to a well defined 
procedure. The three liquid engines were ignited one at a time in 
sequence, to check that they were all working properly. This 
pushed the orbiter's nose forward about a meter. When the liquid 
engine performance was verified, the explosive bolts holding the 
solid boosters to the pad were blown, and the solid boosters were 
ignited. Then, you were on your way. At this point the orbiter's 
nose rebounded, a movement the astronauts call “the twang.” 


In some videos of a Shuttle launch, you will see a series of sparks 
below the engines. That was to ignite any residual or leaked 
hydrogen from the external tank. A huge water spray was started 
before engine ignition. This was to partially protect the pad, but 
also to damp the acoustic energy from the engines. Otherwise it 
reflected up onto the vehicle, and could do damage. 


The Space Shuttles carried five identical computers, the circa-1972 
AP-101's, derived from the IBM System/360 System/4 Pi 
mainframe architecture. It was a 32-bit machine with 16 registers. 
It had an instruction set of 154 opcodes. One of the five AP-101's 
on the Shuttle contained software derived independently from the 
software loaded on the other four. Each unit had a CPU and an IOP 
- Input/Output Processor. Each IOP had 24 channels, each with its 
own bus and processor. Triple redundant power supplies, fed by 
separate essential electrical buses were used. The computers were 
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located in three separate locations in the Shuttle Orbiter. 
Redundancy is everything. 

Want to see Shuttle flight hardware? Pathfinder, a full-size 
mockup, is at the Alabama Space and Rocket Center, Huntsville, 
AL. OV-101 Enterprise, a prototype used for flight tests in the 
atmosphere, is at the Intrepid Sea, Air & Space Museum in New 
York City. OV-102 Columbia was destroyed (with loss of crew) in 
a re-entry accident on February 1, 2003. OV-099 Challenger was 
destroyed (with loss of crew) in a launch accident, January 28, 
1986. Debris was recovered and is stored, sealed in an old missile 
silo, at Cape Canaveral Air Station, FL. OV-103 Discovery rests in 
the National Air and Space Museum, Steven F. Udvar-Hazy 
Center, Chantilly, VA. (near Dulles Airport). OV-104 Atlantis may 
be seen at the Kennedy Space Center, Cape Canaveral, FL. OV-105 
Endeavor is at the Samuel Oschin Pavilion of the California 
Science Center in Los Angeles, CA. 


No flown external tanks have survived, but unused ET-94 is in Los 
Angeles and will be on display with Space Shuttle Endeavor at the 
California Science Center, when the Samuel Oschin Air and Space 
Center opens in 2018. Three external tanks were in manufacturing 
when the Shuttle Program ended, numbers ET-139-141. 


One of the Shuttle Carrier aircraft, a specially adapted Boeing 747, 
can be seen at Palmdale (CA)'s Joe Davis Heritage Airpark. NASA 
retains ownership of the aircraft. The other carrier aircraft was 
placed at Space Center Houston, with a Shuttle mockup on top. 


Space Capsules 


This section discusses various space capsules, designed to re-enter 
atmosphere ballisticly, using a heat shield. There's generally no 
maneuvering during reentry. These can do a water or ground 
landing. 
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Mercury 


Project Mercury was focused on getting an American into space. 
The hardware included a single-person capsule from McDonnell 
aircraft, and a rocket adapted from an ICBM. The Mercury capsule 
carried a single person, with a limited duration on orbit. It 
incorporated a launch escape system, to separate the capsule from 
a malfunctioning rocket. Several suborbital flights were made with 
chimpanzees and, later, Astronauts, before the first orbital flight. 
Orbital Mission duration was 3 orbits, about 4 1/2 hours. The 
demonstrated longest flight time was 34 hours. There were 6 
flights of the Mercury spacecraft, 2 of these were sub-orbital 


Alan Shepard was the first person to ride in one, a suborbital flight 
in May of 1961. The sub-orbital flights used the Redstone launch 
vehicle, but a larger Atlas rocket was used to achieve orbit. John 
Glenn, the first American to orbit the Earth, rode one in 1962. 


The early Mercury flights were ballistic, with no control from the 
capsule. The Mercury capsule had no onboard computer. All 
calculations were done on IBM 701 mainframes on the ground, 
and radioed to the astronaut. The critical parameter was when to 
fire the retro rockets for reentry. 


The capsule used retrorockets to slow down and begin the reentry 
process. The Astronaut rode down “Backwards”, looking opposite 
to the direction of flight, with a large ablative heat shield to protect 
the capsule from the heat of reentry. Essentially, the energy used to 
get the craft to orbit was dissipated as heat when it came back. 
Like driving up a mountain, and using the brakes to come down 
safely. At a proper altitude, a parachute was deployed, and the 
capsule did a water landing. The astronaut and the capsule were 
recovered by Navy helicopter. 


The capsule was tracked around the globe. This required NASA to 
have a global network of tracking stations, ships, and aircraft, and 
a control center to monitor the flight. As an aside, one of my old 
bosses at NASA was in charge of setting up the tracking ships. 
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Gemini 


The Gemini was a two-person capsule, launched to orbit on an 
Titan-II vehicle from launch complex 19 at Cape Canaveral Air 
Station, FL (Now, Kennedy Space Center). It was a follow-on to 
the earlier Mercury Project, and proved designs and concepts for 
the following Apollo Project. The program ran from 1961 to 1966, 
with test flights in 1965 and 66, 10 flights in all. Gemini proved, in 
orbit, missions as long in duration as would be necessary for the 
lunar flights were feasible. Also, Gemini proved the feasibility of 
extra-vehicular activity, with space-suited astronauts outside the 
capsule, worked fine. Gemini also helped validate the procedures 
for rendezvous and docking of two spacecraft, essential for Apollo. 
There were two un-crewed flights in 1964-1965 to test the heat 
shield. 


An IBM guidance computer was used on all Gemini flights, 
including the first rendezvous mission, with Gemini 6 (Astronauts 
Walter Schirra and Thomas Stafford) and Gemini 7 (Astronauts 
Frank Borman and James Lovell). Occupying only 1.35 cubic feet 
of space, the onboard system performed some 7,000 calculations a 
second to bring the two vehicles nose-to-nose, 120-feet apart, 185 
miles above Hawaii. The computer had a memory system capable 
of holding nearly 20,000 bytes of information. 


The Air Force eyed using the Gemini capsule for their own 
Manned Orbiting Lab (MOL) project, but that program was 
canceled before any flights were made. 


The Gemini-TTV (towed test vehicle) used a large paraglider and 
deployable wheels to enable the capsule to land at an airfield. 
Testing was done at Edwards Air Force Base in California. This 
program was canceled in 1964. After de-orbit, the regular Gemini 
capsules landed in the ocean, as had Mercury. Mission durations 
were 3 orbits, about 4-5 hours. 
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Apollo 


Apollo was a three-person spacecraft, designed for the lunar 
landings. The Apollo spacecraft were the payloads on the Saturn Ib 
and V vehicles. These included the Command Module that held the 
3 astronauts, the Service module that contained equipment, and the 
lunar module. The Lunar lander bases were left on the lunar 
surface. After the crew returned to the Command Module, the 
ascent stage of the lander was crashed into the lunar surface, to 
provide controlled moon-quakes for seismometers on the surface. 
The Command Modules were jettisoned before reentry into Earth's 
atmosphere. 


The Apollo spacecraft was used in 15 flights, 9 of which were 
lunar missions, with 6 lunar landings. 


The early Apollo flights to Earth orbit used the Saturn-I vehicle. 
The lunar flights used the larger Saturn-V. These were built 
specially for that purpose. 


The Saturn vehicles were developed by the von Braun team at 
Marshall Space Flight Center, formally the Army’s Redstone 
Arsenal, in Huntsville, Alabama. Von Braun and his team of 
scientists and engineers had been brought to the U.S. by the Army 
after World War II ended. The rocket program was kicked off 
during the early post-World War-II Cold War era by President 
Eisenhower. At the time, the United States was in a race to space, 
and particularly, a launch vehicle race, with the Soviet Union. Each 
U. S. military service, the Army, Navy, and Air Force were 
developing their own rockets. Inter-service rivalry was finally 
squashed by Secretary of Defense Charles Wilson, who decided in 
November of 1956 to make the Air Force the primary missile 
developer for long range ballistic and space missions. The 
specifications for a heavy-lift vehicle were developed by the 
Advanced Research Projects Agency (ARPA). 


The Apollo payload consisted of the Launch Escape System, the 


Apollo capsule, the service module, and the lunar lander. The 
launch escape system (LES) was located above the Apollo capsule 
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and was jettisoned early in flight. The Lunar Excursion Module 
(LEM) was stored behind the service module. Once in Earth orbit, 
the capsule and Service Module were separated, the capsule rotated 
180 degrees, and docked to the Lunar module. The lunar package 
was then separated from the third stage. The capsule, lander, and 
service module left Earth orbit heading for the moon, while the 
Third stage was commanded into a solar orbit, to get it out of the 
way. 


The Command Module, or Apollo capsule, was the cockpit and 
living quarters for the three astronauts. The computing heart of the 
capsule was the unique Apollo Guidance Computer. The need for a 
computer onboard the Apollo was required by the chosen approach 
to the mission, lunar-orbit rendezvous. Part of the spacecraft 
(Command Module) would remain in lunar orbit, while a 
detachable part (LEM) would descend to the surface. Later, the 
LEM would return to lunar orbit and rendezvous with the 
Command Module, which would then leave lunar orbit and return 
to Earth. The ability of the Command Module and LEM to do in- 
flight computations was crucial to this approach. At the time, the 
only guidance computes were developed for ballistic missiles. 


The Service Module was located behind the Command Module, 
and the astronauts had no direct access to it. It was unpressurized, 
and contained a restartable liquid rocket engine and associated 
propellant, fuel cells, and electronics to support the mission. The 
fuel cells used hydrogen and oxygen, and some oxygen was also 
used to replenish the Command Module atmosphere. It had a 
reaction control system to adjust the spacecraft attitude. The 
service module had radiators to dump excess heat, and a high gain 
antenna to communicate with Earth. The Command Module stayed 
attached to the Service Module until just before reentry into the 
atmosphere, when the Service module was commanded to reenter 
the atmosphere independently and burn. The Service Module relied 
on the AGC in the Command Module for computation. 


The lunar excursion module allowed a two man crew to land on the 
lunar surface, stay for a period of exploration, and return to the 
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Apollo Command and Service Modules in lunar orbit. It had an 
Apollo Guidance Computer, programmed for the different and 
difficult tasks of landing on the lunar surface, and later taking off 
from the surface. Compared to the resources of the Launch 
complex at KSC with all its support infrastructure, the computer in 
the LEM did not have a lot to work with. 


The LEM had two sections, one of which held the descent engine, 
and stayed behind on the Lunar Surface. The Ascent Stage, holding 
the two astronauts and the Guidance Computer, rendezvoused with 
the Command and Service module in lunar orbit. 


At Earth launch, the Lunar Module was located between the third 
stage of the Saturn-V vehicle, and the command module, in the 
Lunar Module adapter. The command module/capsule was 
detached, and turned around to dock with the lunar module. When 
that was latched in place, the assembly was turned back to an 
intercept orbit to the moon, and the command module's main 
engine was fired. It would fire again to achieve a lunar orbit, to 
depart the lunar orbit after the surface exploration, and to enable 
reaching Earth orbit. 


The iconic Apollo Guidance Computer (AGC) was developed by 
the MIT Instrumentation Lab, headed by Charles Stark Draper, 
based on the Polaris submarine-launched missile guidance 
computers. The Project kicked off in 1961 with a 1-page 
specification from NASA. The unit was designed at MIT, and was 
built by Raytheon Missiles and Space Division. This was an 
overwhelmingly difficult task, with the state of the technology at 
the time. The integrated circuit had been invented only 2 years 
earlier. The early model computer used a core-transistor logic, and 
later models used a single type of NOR integrated circuit after 
October 1962. A prototype was built in 4 racks the size of modern 
refrigerators. Using a single type of integrated circuit building 
block simplified the procurement of parts, which were supplied by 
Fairchild and Signetics. An approach for in-flight repair by the 
astronauts for the guidance computer en-route to the moon was 
considered. A soldering iron was to be included in the Apollo 
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capsule. Later, the reliability of the unit precluded this approach. 
The tricky part was re-packaging the four floor to ceiling racks of 
circuitry into a small box. A simple matter of detail. There were 
two identical AGC's one in the command module and one in the 
Lunar Excursion Module. They were programmed differently for 
their different tasks. 


The first stage of the Saturn Rocket “stack” was the heavy lift 
stage, consisting of five Rocketdyne F-1 engines, one fixed in the 
middle, and four outside units that could swivel for steering and 
attitude adjustment. The first stage booster did not incorporate 
active guidance. The stage's job was to get the rocket and its 
payload from a standing start to 67 kilometers up, 93 kilometers 
downrange, and moving at 2,300 meters per second. That required 
168 seconds of engine burn time. The total thrust developed by the 
engines was 7,600,000 pounds-force. Most of the first stage was 
fuel. The dry weight was about 130 tons, and the fueled weight 
was 2,300 tons. Any deviation of the vehicle during first stage burn 
was noted, and adjusted for during the second stage burn. 


The engine's sequence of events was controlled by an onboard 
sequencer. This was not a computer, but just a fixed series of 
recorded commands that were played out in time sequence. The 
center engine of the stage was started 8.9 seconds before launch, 
with pairs of outboard engines starting at 300 millisecond intervals. 
This technique was used to reduce structural loading on the rocket. 
When the computer in the Instrument Unit confirmed thrust level 
correctness, the pad hold-down arms released the rocket. In the 
Instrument Unit, the Saturn Emergency Detection System (EDS) 
inhibited engine shutdown for 30 seconds after launch. It was 
calculated that this was safer than having a shutdown early in the 
sequence, which would result in a non-survivable event for the 
astronauts. 


The sequencing of events took place on a prearranged timeline. As 


the vehicle lifted past the tower, it was yawed 1.25 degrees away 
from the tower, to provide a margin of safety in high winds. Past 
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400 feet, a pitch program kicked in, having been adjusted for the 
expected winds that month. The vehicle also rolled to the correct 
flight azimuth. The outboard engines were tilted to the outside, so 
their thrust vectors went through the vehicles center of gravity. 
This was to minimize the effect of one outboard engine failing. At 
roughly 1 minute into the flight, the vehicle broke the sound 
barrier. Guidance adjustment was provided by the computer in the 
Instrument Unit (IU). The initial trajectory was designed to gain 
altitude quickly as the main goal. The engines thrust grew from 7.5 
million pounds-force at launch to over 9 million, in the thinner air. 
At the same time, the mass of the vehicle went down dramatically, 
as fuel and oxidizer was burned at the rate of 13 tons per second. 
The maximum acceleration was reached in over two minutes, at 4 
G's. At this point, the center engine was shut down to limit 
acceleration, and the four outer engines used the remaining fuel 
and oxidizer. When oxidizer or fuel depletion was sensed at the 
pumps, the first stage was separated from the vehicle. Up high and 
moving fast, the first stage was separated, and the rest of the 
vehicle headed for Earth orbit, as the first stage fell into the 
Atlantic. 

There were no failures of the Saturn vehicles in all of their flights, 
a tribute to the engineering prowess and attention to detail of the 
von Braun team. In the one incident on Apollo-13 (see the movie), 
backups and redundancy saved the day. 


Saturn-V displays are located at Kennedy, Houston and Marshall. 
In addition, Saturn-V first stage engines, the F-1 can be seen at the 
Smithsonian National Air and Space Museum, Washington, DC; 
US Space and Rocket Center, Huntsville, A; NASA Johnson Space 
Center, Houston, TX; Kalamazoo Aviation History Museum (Air 
Zoo), Kalamazoo, MI; New Mexico Museum of Space History, 
Alamogordo, NM; and the Powerhouse Museum, Sydney, 
Australia. 


Orion 


The Orion capsule is the next generation 4-person crewed space 
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flight unit, designed to hold four astronauts. A mockup of the 
capsule is at the Kennedy Visitor's Center. It is like an expanded 
Apollo Capsule, an exploration vehicle designed to carry 4 
Astronauts for extended missions. At this writing, it has made an 
uncrewed test flight, Expedition Test Flight-1. It is awaiting a new 
generation of launch vehicle, the Ares Space Launch System (SLS) 
to be able to carry out its mission of crewed exploration beyond 
low Earth orbit. The capsule is known as the Crew Exploration 
Vehicle, which is larger but weighs less than its Apollo 
predecessor. There is a Service module with propulsion and 
expendables, like the Apollo design. For lunar missions, the Lunar 
Surface Access module would be launched separately, and 
rendezvous with the command and service module in orbit. The 
crewed portion is designed for 21 days of active time for the crew, 
plus an additional 6 months quiescent time. Good for the Moon, 
maybe an asteroid mission, not quite for Mars. An additional piece, 
the Deep Space Habitat is in the planning stage. It was flight tested 
in 2014, The first crewed flight of Orion is scheduled for 2021. 


The Crew Exploration Vehicle is currently being built by a 
Lockheed-Martin Team. Honeywell is supplying the computers. 
The three flight control modules are derived from the Boeing 787 
avionics project. This architecture consists of multiple computer 
systems linked in a network. The initial missions of Orion will be 
flights to the International Space Station for crew substitution and 
resupply of consumables. The Orion capsule is reusable, and 
supports a crew of four. A first, un-crewed launch was successful 
in 2014 by a Delta-IV Heavy vehicle out of Launch Complex 37 at 
Cape Canaveral. The capsule was recovered at sea. The Orion is 
anticipated to be the basis for a series of lunar, and later, Mars 
missions. The pressurized volume is 691 cubic feet, with a 
habitable volume of 316 cubic feet. The capsule has 50% more 
volume than Apollo. This is partially due to the fact that the 
interior controls and equipment are smaller than those of the 
Apollo-era. The Orion will feature an auto-dock capability. Most 
importantly, it includes a toilet. It uses a nitrogen-oxygen 
atmosphere at sea level or reduced (10 psi) pressure. It includes 
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parachutes, and is designed for a water landing. 


The Orion avionics has a networking architecture, multiple 
redundant units, and is radiation-hard. The Vehicle Master 
Computer is an adaption of Honeywell's Flight Computer for the 
787 aircraft. This is based on the IBM PowerPC 750FX. This unit 
was introduced in 2002. For radiation hardness, it is manufactured 
in silicon-on-insulator (SOI) technology, and has 39 million 
transistors and it consumes 4 watts of power, operating at 800 
MHz. In commercial versions, it was used on the Apple iBook G3. 
Each Flight Computer has 2 processors. The avionics components 
come from Rockwell-Collins. Communication between sensors, 
the computer, and data storage is by ethernet. A special variation, 
time triggered ethernet, is used to guarantee time of arrival of 
critical commands. 


Space Stations 


This section presents an overview of Space Stations, crewed, and 
visited by numerous logistics flights. In more detail, this topic is 
covered in a companion volume from the author. 


Manned Orbiting Lab 


The Manned Orbiting Lab was a USAF space program circa 1963. 
It was to be launched into orbit, and then two astronauts could visit 
it via a Gemini Capsule. Mission duration of up to 40 days were 
envisioned. The project was a follow on to Dynasoar. Hardware 
was built, but the mission was never flown. There were to be seven 
flights, 5 of them crewed. MOL astronauts in three groups were 
chosen from Air Force, Navy, and Marine Corps Personnel. The 
project was canceled in 1969. NASA's Skylab mission was the 
follow-on to a crewed lab in orbit. A Gemini-B Capsule for MOL 
is at the U.S. Air Force Museum, Dayton, Ohio It has a circular 
hatch in the heat shield for entering the MOL. 


It would have been launched on an upgraded Titan vehicle. The 
capsule would dock with the MOL unit in-orbit, and at the end of 
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the mission, would undock, and return to Earth. It was designed to 
operated in Polar orbit, which would involve a launch from 
Vandenberg Air Force base in California. The reaction control 
system was different from the Gemini's OAMS. 


A MOL mock-up and a refurbished Gemini capsule (not crewed) 
were launched from Cape Canaveral on a Titan-IIIc in 1966. The 
Gemini capsule reentered and was recovered. The MOL released 
three satellites, once it achieved orbit. Proposed first crewed flight 
was to be in 1970. NASA offered the military crews the 
opportunity to transition to the civilian space corps, and the 7 that 
were eligible did so. All flew on shuttle missions. 


The MOL was to be built by Douglas Aircraft. In 1969, the project 
was canceled, since it had been demonstrated that un-crewed 
reconnaissance satellites could spy on our enemies much more 
cost-effectively. 


Skylab 


By the time that the Saturn rocket had put men on the moon and 
returned them safely multiple times, the Apollo computers were 
mostly obsolete. This was due to major advances in hardware and 
software, largely driven by the Apollo effort. With some spare 
Saturn's sitting around, the next project was the Skylab space 
station. This used a Saturn S-IVB upper stage as the structure for 
the station, launched by a Saturn-V with live first and second 
stages. The payload to orbit weighed 170,000 pounds. The station 
was 82 feet long, 56 feet wide, and 36 feet in the other direction. It 
was quite visible from Earth, when the arrays caught the glint of 
the Sun. Astronauts were carried to the facility in-orbit on three 
missions in 1973-1974 by Apollo command and service modules 
launched on Saturn-Ib vehicles. A second Saturn-1b and Apollo 
stack was kept in standby in case a rescue mission was needed. It's 
orbit was a near-circular 270 miles, with a 50 degree inclination. It 
was competing for funds and resources with the USAF's MOL 
project. 
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The facility had been damaged during launch when the integral 
micrometeriod shield torn away, taking one of the solar array 
panels with it. This caused thermal and power problems. During an 
un-anticipated EVA, the crew rigged a replacement heat shield, 
and freed the solar panel. The third crewed expedition set a record 
for days spent in space, at that time, 84 days. 


The Industrial design firm for Skylab was headed by famed 
architect Raymond Lowey. He emphasized habitability and 
comfort for the astronaut, He included a wardroom space for meals 
and relaxation. He also wanted a window to view Earth and space. 
This has proved to be a great feature on the current ISS. Astronauts 
who participated in Skylab planning were dubious about the 
designers' focus on areas such as color schemes and decoration. 
They vetoed an entertainment center. Skylab food was improved 
over the earlier lunar mission food. 


Liquid waste was not recycled as it is on the current ISS. Liquid 
and solid waste went into the other large tank in the facility, and 
was stored. It burned when Skylab re-entered. 


The facility provided living and working space for the astronauts, a 
true shower and toilet, a solar observatory, and fixtures and 
services for science experiments. Some experimental data 
including film was brought back with the astronauts. The facility 
had two docking ports, and an airlock. When an Apollo capsule 
was docked, electrical power from the fueled cells in the service 
module could be used to augment power from the solar arrays. 


The first Skylab mission lasted 272 days, not all occupied, 
followed by an uncrewed period of 394 days, when the computer 
kept things going. The computer was turned off for 4 years while 
NASA discussed reboosting Skylab to a higher orbit, or letting it 
reenter. There was a need to put some mods in the software, but the 
tools and card decks containing the code had been discarded. This 
resulted in some 2500 cards being re-punched from listings. At the 
end of 4 years, the onboard computer was booted up by ground 
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command, and the updates worked fine. There were three total 
visits by 3 person crews. 


There were plans to use the Shuttle to repair and reboost Skylab, 
but the timing did not work out. Skylab was in orbit until 1979, 
when it reentered the atmosphere, splashing into the Pacific ocean 
near Perth, Australia. 


As follow-ons to Skylab, a number of proposals were presented. 
Von Braun envisioned a larger station, built from the second stage 
of the Saturn-V. The second stage would be used for fuel and liquid 
oxygen on the way to orbit, then vented to space, and an equipment 
module would be slide into the vented hydrogen tank. Questions 
about how many Saturn-V's would be available led to the choice of 
the S-IVB option. 


Skylab-ll 


Skylab-II was a circa 2013 concept from the Marshall Space Flight 
Center's Advanced Concepts Office. It would be the same concept 
as the original Skylab, but used the upper stage hydrogen fuel tank 
from the Space Launch System under development. It is to be 
located at the Earth-Moon L2 point (Lagrange point, a null in the 
gravity field). Here, it would need minimal orbital adjust to remain 
at that spot. That particular point is on the other side of the moon, 
from the Earth. That puts it some 430,000 km from Earth, and 
62,800 km from the lunar surface. With the moon between the 
station and the Earth, a relatively quiet radio environment is 
achieved. The goal is to support a 4 person crew for 60 days, 
without a resupply flight. The re purposed tank would have a 
diameter of 8.5 meters, larger than the ISS' 4.5 meters. The 
provided volume would be about 500 cubic meters. Lessons 
learned from the ongoing ISS mission would be applied to the 
Skylab-II project. 


25 


International Space Station — ISS 


We will just touch upon the permanent International Space Station, 
but it will be covered in detail in a follow-on book specifically 
about space stations from the author. 


In 1993, United State's Space Station Freedom Project,which 
became the International Space Station, kicked off. On-orbit 
construction began in 1998, and was completed with a last Shuttle 
mission in 2011. It is the largest artificial satellite in Earth orbit, 
and can be seen from the ground with the naked eye. The ISS is a 
synthesis of several space station projects from America, the 
Soviets/Russians, the Europeans, Canada, and the Japanese. 


The International Space Station is continuously crewed, and orbits 
the Earth at an altitude of some 250 miles. It is quick, traveling at 
17,300 miles per hour. It is also expensive, representing an 
investment of some $100+ billion dollars by the world community, 
mostly by the United States and Russia. It is thus the most 
expensive object ever constructed by mankind. It has been visited 
by astronauts and cosmonauts from some 15 nations, and by 
paying tourists. 


The onboard computing infrastructure was based on rad-hard Intel 
80386 32-bit computers for housekeeping. There is an wired 
Ethernet backbone in the Station, as well as WiFi. Applications 
supported include IP phone with webcam for crew conversations 
with family's. 


The laptops replaced the original design of the Multi-Purpose 
Application consoles, which were MIL-Spec equipment, purpose- 
built and programmed from scratch using the ADA language and 
X-windows. The laptops (PGSC — Portable General Support 
Computers) were more flexible. The general concept is that COTS 
machines can display any data, but must follow a arm/check/fire 
protocol to send commands. Originally, the support computers 
were Grid laptops. These were 8086-based machines, running 
GridOS. 
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The Station used some 68 COTS IBM/Lenovo ThinkPad A31 
laptops, 32 ThinkPad T61 laptops, and a T61 as a server, with 
routers. The laptops handle non-critical and experimental support 
as well as music and television for crew entertainment. The 
computers run Windows-XP, with some 3 million lines of flight 
code. The architecture was designed as a station-wide distributed 
system. 


The IBM/Lenovo laptops were modified to handle the 
environment of the station. With no convention cooling, due to 
lack of gravity, fans had to be added to keep components on the 
motherboard cool. In addition, the circuit boards and connectors 
were conformally coated to contain any debris. The power supplies 
were modified to accept Station 28 vdc power. In addition, the 
laptop had to operate in the 10 psia atmosphere of the Space 
Shuttle, even though the Station maintains a sea level pressure of 
14.7 psia. The laptops were also modified to have Velcro for 
attaching to convenient surfaces. 


The NASA ISS ap for Android is great. It shows the point on the 
Earth the Station is above at the time, and has a high resolution 
camera that returns images (during Sun-lit portions of the orbit). 


The crews are rotated in and out of the station for varying periods, 
not to exceed a year. There is always one capsule docked at the 
station for emergency evacuation. 


Logistics flights (food, oxygen, science projects, clean underwear) 
up, and trash down use a variety of options, the Soyuz cargo 
version, and commercial uncrewed capsules under contract to 
NASA. Some capsules burn in the atmosphere upon reentry, and 
some can be recovered and reused. 


Crew Exchange is done currently only by the Soyuz TM. Resupply 


is by Russia's Progress (15000 Ibs), Orbital-ATK's Cygnus (4400- 
7700 lbs, depending on launch vehicle), and SpaceX's Dragon 
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(6400 lbs), the European Automated Transfer Vehicle (19,500 Ibs) 
and the Japanese HTV Transfer vehicle (9900 Ibs). 


NASA's Commercial Crew Development 
Program (CCDev) 


The CCDev Program is part of NASA's Commercial Crew and 
Cargo Program Office (C3PO), that is designed to stimulated the 
development of privately operated crew and cargo vehicles to low 
Earth orbit. This will help fill the gap left by the decommissioning 
of the Shuttle fleet in 2011. The program started in 2010. In 2014, 
contracts were awarded to SpaceX and Boeing. The high level 
requirements are 1) to deliver and return 4 crew members and their 
equipment to the ISS; 2) to provide crew return in case of an in- 
space emergency; 3) to serve as a 24-hour safe haven in space, in 
case of an emergency; and 4) be capable of spending 210 days in 
space, docked to the ISS. At the current time, the first launch of a 
key component, the Space Launch system (SLS) is scheduled for 
no earlier than 2021. 


NASA's cost for a seat to orbit in the Soyuz vehicle is a little more 
than $70 million. Under the program, an un-crewed test flight of 
the SpaceX Dragon 2.0 is scheduled for February 2018, followed 
by a crewed flight shortly after. The Boeing CST-100 is scheduled 
for similar flights in June 2018. 


Soviet Union/Russia 


As with the United States, the Soviet Union used German World 
War-II rocket technology as a basis. The U.S. had von Braun, and 
the Soviets had Sergei Pavlovich Korolev, a brilliant designer and 
engineer. He set the direction for the country, which went on to put 
the first artificial satellite in orbit (1957) and the first man in orbit 
(1961). The systems were tested in a series of launches of dogs 
going into Earth orbit as precursor missions. Officially, the Soviet 
Union (Union of Soviet Socialist Republics) became the Russian 
Federation in 1991. 


28 


Vostok 


Vostok (“East” in Russian) was a Soviet era capsule holding one 
cosmonaut. The first man in space, Yuri Gagarin, made his flight in 
a Vostok capsule in 1961. Instead of a water landing as the United 
States chose, the capsule made a landing within the borders of the 
the-Soviet Union. The Cosmonaut parachuted from his capsule, 
and landed separately. The payload to orbit weighed 4,725 kg. The 
descent and reentry portion of the capsule was spherical. It 
separated from the instrumentation section after the descent engine 
fired. At seven kilometers from the surface, the cosmonaut ejected 
from the capsule, and parachuted to the ground. The flight was 
repeated 4 months later by Cosmonaut Titov. Thirteen crewed 
flight were scheduled for the Vostok. Only six were conducted, as 
the Voskhod Program was phased in. Valentina Tereshkova, the 
first woman in space, rode Vostok 6 in 1963. The longest flight was 
made by Valery Bykovsky, nearly 5 days in space. Vostok 3 and 4 
were in orbit simultaneously, in 1962 


The basic Vostok design was resilient, being used for nearly 40 
years. It consisted of a spherical descent module, 2.3 meters in 
diameter, and a someway conical instrument module. An ejector 
seat served as a way for the cosmonaut to exit rapidly in case of a 
launch vehicle problem. It was a viable option for the first 40 
seconds of flight. There were no viable options during the first 20 
seconds after ignition. Chief Designer Korolev made his spacecraft 
more automated, so cosmonauts did not necessarily need to be 
qualified pilots. The 3KA model Vostok was used in the initial 
flights. After uncrewed flights, 6 were launched with a crew 
member. 


The equipment module massed 2,270 kilograms, and was 2.25 
meters long by 2.4 meters in diameter. It had the main engine for 
reentry, and reaction control thrusters for attitude adjustment. It 
could carry expendables for a 10-day stay in orbit. 
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Voskhod 


Voskhod (“sunrise” in Russian) was a Soviet-era program, and 
capsule, a follow-on to Vostok, capable of hosting three. The 
Vostok design was augmented by a solid fuel retro rocket, because 
the Cosmonauts rode the capsule to the ground. The ejection seat 
was removed. There were two flights, in 1964 — 1965. It was 
designed by the legendary Sergei Korolev. The Voskhod program 
transitioned to the Soyuz in 1967. Voskhod used a Vostok 
spacecraft with a solid fuel retro rocket for the descent module. 
There was not enough interior space for three cosmonauts to wear 
spacesuits. In the two-crew member configuration, they could. 
This was used for missions requiring EVA. There were two 
variations, one for 2 crew members in suits, and one for three crew 
members without suits. There was no launch escape system. 


The Voskhod-2 mission included an airlock, and Cosmonaut 
Leonov took advantage of this to step outside for a while. The 
capsule and equipment was air-cooled, so it needed the air lock. 
After use, the air lock was jettisoned. 


The Voskhod-3 carried three, without space suits. There were two 
flights. It could handle the 3-person crew for 14 days on orbit. The 
reentry module was a 2.3 meter sphere. The equipment module 
was 2.3 meters in diameter, and 2.4 meters long. It massed 2300 
kg. The 3KD version went back to a crew of three. It flew twice in 
1965, once empty and once with a crew. 


The spherical descent module had a diameter of 2.3 meters. The 
conical equipment module massed 2.2 (metric) tons, and was 2,25 
meters long and 2.4 wide. The equipment module housed the 
rocket engines for reentry. 


Soyuz 


The Soyuz (Russian: Union) program was started in the early 
1960's with a goal of launching a Cosmonaut into Earth orbit. It 
involved the development of the rocket as well as the space 
capsule. Derivative Soyuz launch vehicles are still in use, in 
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International Space Station resupply missions, as well as crew 
exchange. 


The original Soyuz capsule had three sections: the orbital module, 
which was a sphere, the reentry module, and the service module, 
with expendables and solar panels. The orbital module and the 
service module are single use. The consumables allow for 30 
person-days in orbit, before reentry. The current uncrewed 
Progress cargo ship for the ISS is a derivative of the Soyuz. The 
first flight was uncrewed, and was accomplished in November, 
1966. Currently, a Soyuz remains docked to the ISS at all times, in 
case the inhabitants have to evacuate. The Soyuz life in orbit is 6 
months. 


The orbital module serves as a habitation module on-orbit. It 
includes a toilet. The internal volume is 6 cubit meters. The orbital 
module can be customized on a per-mission basis. It must be 
jettisoned from the capsule before reentry. 


The descent module, the inhabited capsule, is meant for re-entry, 
and has a large parachute, and a heat shield. There are also braking 
rockets. It is spherical in shape, as this gives the best volume, four 
cubit meters. The crew usable volume is 2.5 cubic meters. The 
crew capsule contains the airlock allowing entry to the service 
module, 


The service module is cylindrical and has both pressurized and 
non-pressurized sections. The service module hosts the reentry and 
maneuvering main engine, and a solar array. In several cases, an 
emergency situation occurred when there was an incomplete 
separation between the service module and the descent module. 


The next two Soyuz flights had a single cosmonaut onboard. Soyuz 
missions 5, 7, and 8 carried two. The rest of the missions through 
Flight 10 carried three cosmonauts. Missions 11 (1973) through 66 
(1991) generally carried three, with some exceptions with 2 crew 
onboard. After that, the flights were conducted by the Russian 
Federal Space Agency. This entity has overseen flights 66 (1992) 
through 134 (July 2017). 
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All Soyuz missions are launched from the Baikonur Cosmodrome 
in Kazakhstan. It has a remarkable operational history, in that the 
only other flight to suffer a fatal accident was Soyuz 11, where the 
crew died when the cabin pressure was lost just before reentry. 
Soyuz vehicles have serviced three space stations. 


The Soyuz assemblies have evolved and been updated over their 
service life. The 1963 Soyuz-A massed 5,880 kg and was 7.4 
meters long. The new TMA version masses 7,220 kg, and is 
slightly larger at 7.48 meters. The orbital module has gone from 
1,000 kg with a volume of 2.2 cubic meters to 1,270 kg, and 5 
cubic meters. The reentry module went from 2,400 kg to 2,900 kg, 


The Soyuz has gone through four generations, with the latest being 
the MS model. It has a much improved approach and docking 
system, with a new TsVM-101 onboard computer, which is one 
eighth the weight of the original Argon-16. 


Buran, the Russian Shuttle 


Buran (“snowstorm” in Russian) was a Russian spaceplane, and 
the name of the project. It completed one 3 hour+ non-crewed 
flight (2 orbits) in 1988. It was commanded by ground control to 
de-orbit and landed at the runway at the Baikonur Cosmodrone in a 
strong cross-wind. It was tragically destroyed in its hanger, when 
the roof collapsed due to snow load in 2002. The collapse also 
killed eight workers. It resembled the U. S. Space shuttle, but 
included the auto-land mode. 


Buran had a sophisticated system of dual 4-computer units, with 
voting logic. Unlike the Shuttle, the Buran could be flown and 
recovered in an unmanned mode. 


Like the Shuttle, the Buran was transported to the launch site on 
the back of a large aircraft, the Antonov AN-225 Mriya (Russian: 
Inspiration”). That plane is the longest and heaviest ever built, and 
uses six turbofan engines. The maximum take-off weight is 640 
metric tons. A second aircraft was partially constructed, and later 
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finished for delivery to China. The aircraft has 32 wheels on its 
landing gear, and a crew of six. 


Joint Missions 


This section discusses space mission that involved multiple crewed 
spacecraft from different nations joining up in orbit. 


Apollo-Soyuz — the match-up 


The Apollo-Soyuz Test Project was a joint space project between 
the Soviet Union and the United States to fly a similtaneous 
missions that would meet up and join on-orbit. It was conducted in 
July, 1975. It required a special docking adapter that allowed the 
two different space capsules to join up. You can see a coupled 
Apollo-Soyuz at the Smithsonian Air & Space Museum in D. C. 
The Apollo is the unit used for pre-flight testing, and the docking 
module between the craft is the back-up model, made by North 
American Rockwell. A similar display is at the Cosmosphere, in 
Hutchinson, Kansas. The actual Apollo capsule from the flight is 
on display at the California Science Center in Los Angeles. If you 
want to see Soyuz-19 that made the flight, you will have to go to 
the RKK Energiya museum in Korolyov, Moscow Oblast, Russia. 


The Apollo was the last of its kind to fly, as it was replaced by the 
STS- Space Shuttle for further crewed missions. Despite the 
technical and ideological differences, the mission was a great 
success, with real science being conducted. 


At the time of the joint flight, tensions between the then-Soviet 
Union and the United States ran high. This successful project was 
proof of “detente” and cooperation. 


Millions around the world watched the event on live tv, because 
the author caught the red-eye back from JPL to GSFC, and fixed 
the onboard computer of the communications relay satellite (ATS- 
F). 
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Chinese Missions 


This section discusses the Chinese crewed spacecraft program. 


Shenzhou 


The Chinese Shenzhou (“Divine Craft”) generally follows the 
design of the Soviet/Russian Soyuz, which was tech- transferred by 
the Russians. The deal involved training two Chinese astronauts at 
the Yuri Gargarin Cosmonaut Training Center The program 
successfully put the first Chinese citizen, Yang Liwei, into orbit in 
in Shenzhou-5 in October of 2003, after four un-crewed test 
flights. It has a design life on orbit of 20 days, limited by 
expendables. At launch, it masses 7840 kg. It has a volume of 14 
cubic meters. 


The Shenzhou spacecraft is modeled on the Soyuz, but is larger. 
Like the Soyuz, the configuration includes an orbital module, a 
service module with solar cells, and a reentry capsule. Other than 
the reentry module, everything else stays in orbit. The reentry 
module is single use. It uses a single parachute, and braking 
rockets, like Soyuz. 


Through October of 2016, there have been eleven Shenzhou 
flights, 6 of these crewed. The first Chinese woman in space flew 
on the 9" mission. The missions progressively demonstrated 
rendezvous and docking, and spacewalking. The last two missions 
docked with the Tiangong-1 and -2 space stations. 


ESA 


CSTS (Crew Space Transportation System) or ACTS (Advanced 
Crew Transportation System) is a human spaceflight system 
proposal. It was originally a joint project between the European 
Space Agency (ESA) and the Russian Space Agency (FKA), but 
became solely an ESA project. NASA is pursuing their next 
crewed spacecraft, Orion, without foreign participation. ESA 
envisions the CSTS being used in lunar missions. This would 
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involve multiple launches, and rendezvous and docking in orbit. 
The Ariane rocket could be used, if updated to human-rated 
standards. 


ISRO 


The Indian Space Research Organization is working toward a 
crewed spacecraft that will support 3 astronauts for seven days in 
Earth orbit. A simple version, proof-of-concept, is planned with 
rendezvous and docking capability to be added later. 


The Orbital Vehicle will be a capsule of 3.7 metric tons, holding 
three, and capable of remaining in orbit seven days. The launch 
vehicle, the GLSV Mk II, for this craft is currently under 
development. It will be somewhat larger than the U.S. Gemini, but 
not as large as an Apollo or Soyuz. 


Previously, ISRO had launched an 1,200 lb uncrewed capsule to 
orbit in 2007. It reentered in 12 days, and splashed down in the 
Bay of Bengal. It used a silica thermal tile heat protection system, 
and a parachute. Not just a proof of concept, several experiments 
were conducted onboard during orbit. A second launch 
demonstrated re-entry and recovery procedures. 


Private efforts 


This section discusses non-Governmental human space projects. In 
1966, for the Ansari X-Prize of $10,000,000. to “the first non- 
government organization to launch a reusable crewed spacecraft 
into space, twice in two weeks” was announced. Twenty-six teams 
from around the world competed. The prize was collect in October 
of 2004, 5 months later, by a craft designed by Burt Rutan, and 
financed by Paul Allen of Microsoft. This competition seems to 
have had the result of getting a lot of rich people interested in 
space. Private companies are fulfilling the logistics role for the ISS 
since the demise of the Shuttle program. 


a0 


Blue Origin 


"...to build space hotels, amusement parks and colonies for 2 
million or 3 million people who would be in orbit. "The whole idea 
is to preserve the earth' he told the newspaper .... The goal was to 
be able to evacuate humans. The planet would become a park." 
Jeff Bezos, High School Class valedictorian, 1982, Miami Herald. 


Blue Origin is a spaceflight services company founded by Jeff 
Bezos, of Amazon and the Washington Post Company. The 
company “is developing technologies to enable private human 
access to space with the goal to dramatically lower costs and 
increase reliability.” They are focusing on vertical take-off, vertical 
landing reusable vehicles. The name refers to Earth. Their 
spacecraft is named New Shepard, and has been flown uncrewed as 
of this writing. It went almost to space, reaching just shy of 100 
km. The second flight did go beyond 100 km, and both the capsule 
and booster were recovered. They have reflown the hardware from 
the first mission several times. Crewed flight will happen 
sometime in 2018. The company uses its own launch vehicles. The 
company is located in Washington State, and uses a launch facility 
in west Texas for sub-orbital launches. They have leased facilities 
at the Kennedy Space Center for orbital launches. Some 
technology from the earlier McDonald Douglas-NASA DC-X 
project influenced the Blue Origin. 


The orbital rocket is named “New Glenn” after Astronaut John 
Glenn, The firs stage will have seven of their BE-4 engines, and 
will be recoverable and reusable. The BE-4 engine production 
facility will be in Huntsville, AL. The rocket portion was recovered 
and reused a total of three times. 


The Crew capsule of the New Shepard will hold three or more 
astronauts, and has been launched, uncrewed, to space, by the 
definition of 100 km. 


The company has a NASA Space Act Agreement in place under the 
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Commercial Crew Development Program. 


Virgin Galactic 


Virgin Galactic is providing suborbital flights, and plans to support 
space tourism as well as science missions. The company is owned 
by Sir Richard Branson. It was the first privately built and operated 
vehicle to achieved crewed spaceflight. This was on the 100" 
anniversary of the Wright Brother's flight, From airplanes to space 
plans to orbit in 100 years. Let's keep that up. 


Scaled Composites, owned by Virgin Galactic, developed a air- 
launched vehicle, for access to space for tourists. The carrier 
vehicle, White Knight Two, carries the smaller SpaceShipTwo to a 
high altitude,. At this point the two vehicles separate, and the 
White Knight flys back to a runway landing as the smaller craft 
continues to orbit with its rocket engine. The two vehicles were 
designed and built by aviation and space pioneer Burt Rutan. The 
plan is to have five SpaceShip-2's, the orbital vehicle, and two 
WhiteKnight-2's, the crewed carrier vehicle. Two SpaceShip-2's 
are under construction, and there is one White Knight-2, the carrier 
ship. 


The White Knight, sometimes called a Flying Space Aircraft 
Carrier, has a crew of two. It's cargo capacity is 37,000 lbs to 
50,000 feet. If it carries an “upper stage”, the Launcher-one, it can 
put 200 kilograms to low Earth Orbit. White Knight has four Pratt 
& Whitney turbofan engines. The wingspan is 41 feet, and there 
are dual fuselages. The second fuselage can hold additional crew 
members, or tourists. 


Unfortunately, the first SpaceShipTwo broke up during a test flight, 
killing one pilot, and injuring the other, although he parachuted to 
the ground. Before the accident, the vehicle did indeed reach 
“space.” The second unit is undergoing flight testing at this 
writing. 


It glides back to a landing at Spaceport America in the Mojave 
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Desert. 


SpaceX 


Space-X has an impressive track record, including the first 
privately funded liquid rocket engine to orbit, the first to launch 
and recover a rocket, and the first private company to send a 
vehicle to the ISS, and the first reuse of an orbital rocket. Their 
Dragon capsule is designed in two versions, to take personnel and 
supplies to the ISS. The cargo version has been in operation since 
2010. The crewed version is scheduled to be tested in 2018 as of 
this writing. After the newer version is declared operational, the 
old version will still be used for cargo flights. 


Their newer Dragon V2 capsule has a capacity of 7 crew. The 
Dragon capsules have an integral launch escape system, consisting 
of rocket engines. The vehicles are capable of autonomous 
rendezvous and docking. The onboard control is of the form of a 
table computer. They can parachute to a water landing, or do a dry 
landing, assisted by the external rocket motors. The capsule is 
partially re-usable, with a projected life of ten flights before 
refurbishment. 


At the moment, the target launch prize is $160 million. In a crewed 
version, this works out to $20 million per seat. Soyuz charges $76 
mission per seat. All personnel will wear space suits while in the 
capsule. 


Sierra Nevada's Dreamchaser 


This craft is a 7-crew Earth orbital space plane, developed with 
$20 million of NASA seed money. The Dream Chaser was based 
on the circa-1990 NASA HL-20 Personal Launch System, a mini 
Space Shuttle designed as a lifting body. NASA-Langley, the lead 
center for the project, had not gotten to the implementation stage. 
The unit would have limited cargo capacity, but could get crews to 
and from orbit, particularly the ISS. 
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Sierra Nevada did not make the final cut in the competition, losing 
to SpaceX and Boeing, supposedly due to lack of technology 
maturity. Sierra Nevada decided to pursue the Dream Chaser 
project independently. 


Sierra Nevada did win a Commercial Resupply Services contract 
from NASA, for a minimum of six launches. These missions will 
use the Atlas V launch vehicle. 


Sierra Nevada also supplied the rocket motors for Virgin Galactic 
Spaceship Two, and for Scaled Composites. 


Boeing CST-100 Starliner 


The Boeing Starliner is a next-gen crewed space capsule for low 
Earth orbit. It could be used to exchange crews on the International 
Space Station. It is designed to be used up to 10 times. It comes 
equipped with wireless internet. NASA is seeking 6 crew rotation 
missions from the Starliner. The Starliner is compatible with the 
Atlas V, Delta IV, and Falcon 9 launch vehicles. 


The Starliner can hold up to 7 crew members, or a mixture of crew 
and logistics supplies. The crew displays take advantage of new 
Aerospace practices in the glass cockpit, where tablet-based 
technology is used to replace traditional gauges and displays. The 
capsule can be flown un-crewed, and can stay in space for up to 7 
months. It is somewhat smaller than the Orion capsule. 


Bigelow Aerospace 


Bigelow Aerospace is an American space company, headquartered 
in Las Vegas, NV. It was founded in 1998, and focuses on 
inflatable modules, carried to orbit. The company licensed the 
technology from NASA, and has Space Act agreements in place. 
The company has enhanced the technology. 


Several modules have been sent to orbit, including Genesis-I 
(2006) and Genesis-II (2007). Both remain in orbit but are retired. 
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Both have an expected life of 12 years in orbit, at which point they 
will reenter the atmosphere and burn. Both Genesis modules were 
heavily instrumented. Questions remain about their longevity and 
safety in the space environment. 


The Bigelow Expandable Activity Module (BEAM) is in orbit, 
attached to the ISS. It was funded by NASA, and was launched on 
a SpaceX cargo mission. The emphasis of the inflatable modules is 
proving the radiation protection and debris shielding of the 
inflatable. It was launched in 2016, and will be evaluated through 
2018. 


Bigelow hopes to put one of their Expandable Bigelow Advanced 
Station Enhancement (XBASE) modules on the moon by 2021. 
This is referred to as the B330 Module. Space Complex Alpha is 
their next-generation commercial space station. 


Bigelow himself came out of the hospitality industry, and hopes to 
set up space hotels and habitats on the moon. One of these was the 
2005 concept, CSS (Commercial Space Station) Skywalker. 


Excalibur Almaz 


Excalibur Almaz is an ambitious private space flight company 
planning not just Earth orbit, but lunar and deep space services. It 
is cooperating with XCOR Aerospace. The company is located on 
the Isle of Man. It has a Space Act Agreement with NASA in the 
commercial Crew Development area. They plan to use the hull and 
general configure of surplus capsules from the Russian Almaz 
military space station program, updated with more modern 
electronics. The plan is to launch this station into space, and have it 
visited by researchers and space tourists. It remains to be seen 
whether this plan will continue. 


Stratolaunch Systems 


This space start-up combines Paul Allen, of Microsoft, with Burt 
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Rutan of Scaled Composites. The project involves a carrier aircraft 
and a multistage air-launched vehicle. This has yet to fly, as of this 
writing. 


Space Tourists 


There have been, to this point, 7 civilian space tourists, who have 
paid their way into orbit. If you're getting paid to do it, you're an 
astronaut. If you pay to do it, you're a tourist. Space Tourism will 
be examined in a companion volume. 


Dennis Tito was the first to pay his own way to visit the 
ISS in 2001 on a Russian Soyuz craft. 

Mark Shuttleworth was second. 

Gregory Olsen went to the ISS. 

Anousheh Ansari was fourth, flying in a Soyuz capsule. 
Charles Simonyi flew in a Soyuz. He had some much fun, 
he went a second time. 

Guy Laliberté, a Canadian, flew in a Soyuz 

Yi-So-yeon, a Korean, went to the ISS 

Christa McAuliffe, Teacher in space, was killed in 
Challenger disaster. 

Helen Sharman, first Briton in space, went via Soyuz to 
Mir. 


Spaceflight participants — these flew to orbit, but are not 
professional astronauts. 


U. S. Congressman Bill Nelson flew on the Shuttle 
Columbia. 

Jake Garn, of the Senate Appropriations Committee, flew 
as a payload specialist in shuttle Discovery. 

Japanese TV reporter Toyohiro Akiyama flew to MIR 1990. 
It was a business trip. TBS 

Dr. Sheikh Muszaphar Shukor Al Masrie bin Sheikh 
Mustapha of Malaysia, andorthopedic surgeon, went to the 
ISS, and, no, it was not a house call. 


Al 


e Richard Garriott, son of Astronaut Owen Garriott paid his 
way to the ISS, becoming the first 2" generation space 
farer. 


The fallen Astronauts memorials 


Spaceflight is not yet routine. It is hazardous. There is an Astronaut 
Hall of Fame at the Kennedy Space Center, as well as a Fallen 
Astronaut Memorial. There is actually a memorial to fallen 
Astronauts and Cosmonauts on the Moon, placed there by the 
Apollo-15 crew at Hadley Rille. 


Afterword 


I hope to re-issue this book in a few years, with a lot more 
information and new projects to talk about. Can I wrap up the final 
edit in orbit? Let's see. 
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Glossary 


AFB — Air Force base 

AGC — Apollo Guidance Computer 

AIAA — American Institute of Aeronautics and Astronautics. 
ALU ~ arithmetic logic unit 

Angkasawan - Malay word for astronaut 

Apogee — farthest point in the orbit from the Earth. 

ARPA — Advanced Research projects Agency. 

ASIN — Amazon Standard Inventory Number 

Astrionics — electronics for space flight. 

ATOLL - Acceptance Test or Launch Language. 

BEO — beyond Earth orbit. 

Blooster — balloon-based launch vehicle. 

BP — boilerplate. Mechanical model. 

C3PO — NASA Commercial Crew and Cargo Program. 
CCDev — commercial crew development. 

CctCap — Commercial Crew Transportation Capability 

Cpu — central processing unit 

Cyrogenic — pertaining to very low temperatures. 

DoD — (U. S.) Department of Defense. 

DTM — dynamic test model, for structural tests. 

ECLSS — Environmental Control & Life Support system. 
EELV — Evolved Expendable Launch Vehicle, 1996 Program. 
Ephemeris — position information data set for orbiting bodies, 6 
parameters plus time. 

ETR — Eastern Test Range, Cape Canaveral, FL 

EVA — extra-vehicular activity 

FAA — Federal Aviation Administration 

Gimbal — pivoted support, allowing rotation about | axis. 
Gpm — gallons per minute. 

GSFC — NASA Goddard Space Flight Center, Greenbelt, MD. 
Gyro — device to measure angular rate. 

H1 — Rocketdyne engine, used on Saturn-I first stage. 

HST — Hubble Space Telescope 

Hypersonic — flight at Mach 5 and above (Mach is the speed of 


Do 


sound, at the relevant altitude). 

ICBM -— Intercontinental Ballistic Missile. 

IBM - International Business Machines Company. 

ISBN — international standard book number. 

ISP — specific impulse. Measure of efficiency of rocket engine. 
Units of seconds. 

ISRO — Indian Space Research Organization. 

IU — Instrument Unit, Saturn launch vehicle. 

IUS — Interim Upper Stage,.JPL — Jet Propulsion Laboratory, 
Pasadena, CA. 

JSC — Johnson Space Center, Houston, Texas. 

Jupiter — ICBM, 3-stage. Developed by von Braun Team. 
Karman line — international definition of the beginning of Space. 
100 Km above the surface. 

Kbps — kilo (10°) bits per second. 

Khz — kilohertz, one thousand cycles per second. 

Kev — kilo electron volts, measure of energy of a particle. 
KSC — NASA Kennedy Space Center, launch site, Florida. 
Hypersonic — 5 times the speed of sounds, and beyond. 

IUS — Interim Upper Stage (for STS). 

LAS -— launch abort system. 

Lb — pound weight. 

Lbf — pounds, force. 

LC-37 — Launch Complex — 37 at KSC. 

LEM -— lunar excursion module. 

LEO — low Earth orbit. 

LES — Apollo Launch Escape System. 

LH2 — liquid hydrogen. 

LOX — liquid oxygen, boils at -297 F. 

LVDA - Launch Vehicle Data Adapter. 

LVDC — Launch Vehicle Digital Computer. 

Mach — unit of speed at sound, named after E. Mach, aerodynamics 
pioneer. 

Mev — million electron volts, measure of energy of a particle. 
MINITRACK -— “Minimum Trackable Satellite “ U. S. satellite 
tracking network, 1957. 

MIT — Massachusetts Institute of Technology 
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MOL — Manned Orbiting Lab. Gemini-era space station by USAF. 
MSC — Manned Space Center, Houston, TX. Renamed JSC. 
MSFC — NASA Marshall Space Flight Center, Huntsville, AL. 
m/s — meters per second. 

NACA — National Advisorary Committee for Aeronautics, 
predecessor of NASA. 

NASA — National Aeronautics and Space Administration. 
NASCOM — NASA Communications Network. Worldwide, 
operated by GSFC. 

NEO — near Earth orbit. 

NOR — negative or logic 

NORAD — North American Air Defense. 

NRL — Naval Research Lab, Washington, DC. 

NTIS — National Technical Information Service, (www.ntis.gov). 
OAMS - orbit attitude and maneuvering unit. 

Ogive — a pointed arch structure. 

ORU -— orbital replacement unit. 

PAM — pulse amplitude modulation. 

Pc — personal computer 

PCM — pulse code modulation. 

Perigee — closest point in the orbit from the Earth. 

PGNCS — Primary Guidance, Navigation, and Control system for 
Apollo. 

PGSC — portable general support computer (ISS) 

POGO -— longitudinal oscillation in liquid-fueled rocket motors that 
can lead to failure. 

Pregnant Guppy — large cargo aircraft operated by Aero Spacelines 
1963-1979. 

RAM — Random Access Memory — generally, read-write. 

RCS — reaction control system 

R&D — research & development. 

Redstone — Army missile developed by the von Braun team. Used 
for Mercury crewed flights. 

Redstone Arsenal — Army R&D facility in Huntsville, AL. Later 
became NASA MSFC. 

ROM — Read-Only Memory, used for storage of instructions and 
fixed data. 
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RP-1 — rocket propellant-one, highly refined kerosene. 

SA — x — Saturn-Apollo — flight x. 

SAO — Smithsonian Astrophysical Observatory. 

SI — System International — the metric system. 

S-IC — first stage of the Saturn V 

S-II — second stage of the Saturn V 

S-IVB — third stage of the Saturn V 

S-IV — second stage of Saturn 1 rocket. 

Shenzhou — Divine Ark, in Chinese. 

SLS — Space Launch System (NASA) 

Soyuz — Union, in Russian 

STADAN - Space Tracking and Data Acquisition Network. 
STS — Space transportation system — shuttle. 

TDRS -— Tracking andData Relay Satellites. 

Titan — ICBM and NASA/USAF launch vehicle. 

TKS — Russian transport supply spacecraft. 

TM — Technical Manual. 

Ullage — residual fuel or oxidizer in a tank after engine burn is 
complete. 

V-2 — German World War-II missile developed by the von Braun 
Team. 

Vdc — volts, direct current. 

Voskhod — Sunrise, in Russian 

Vostok — East, in Russian 

WSMR - White Sands Missile Range, New Mexico. 
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If you enjoyed this book, you might also enjoy one of my other 
books in the Space series. Most are also available in printed edition 
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